In the preceding paper of this series, the chemical and serological properties of the group-specific carbohydrate of group A streptococci were compared with those of the carbohydrates of certain variant strains isolated after animal passage of group A strains (1). The variant strains were first recognized because of their apparent loss of group-specific carbohydrate. Nine strains of this type were studied, each arising from a different parent group A strain, and all were found to contain chemically and serologically similar cell wall carbohydrates. It was shown that these carbohydrates, though differing markedly from group A carbohydrate in serological reactivity, were composed of the same two monosaccharide units, rhamnose and N-acetyl-glucosamine. However, the ratio of rhamnose to glucosamine in the variant carbohydrate ranged from 4.0 to 6.0 in contrast to the values of 1.5 to 2.0 for group A carbohydrate.
From the Rockefeller Institute/or Medical Research
(Received for publication, July 24, 1956) In the preceding paper of this series, the chemical and serological properties of the group-specific carbohydrate of group A streptococci were compared with those of the carbohydrates of certain variant strains isolated after animal passage of group A strains (1) . The variant strains were first recognized because of their apparent loss of group-specific carbohydrate. Nine strains of this type were studied, each arising from a different parent group A strain, and all were found to contain chemically and serologically similar cell wall carbohydrates. It was shown that these carbohydrates, though differing markedly from group A carbohydrate in serological reactivity, were composed of the same two monosaccharide units, rhamnose and N-acetyl-glucosamine. However, the ratio of rhamnose to glucosamine in the variant carbohydrate ranged from 4.0 to 6.0 in contrast to the values of 1.5 to 2.0 for group A carbohydrate.
The two kinds of carbohydrate were readily distinguishable from one another in precipitin tests, although it was found that there was some degree of crossreactivity between them when potent rabbit antisera were employed. It was concluded that the immunologically dominant chemical groupings of the two polysaccharides are distinct from each other, and that the cross-reactivity indicates that at least one of the chemical groupings occurs to some degree in both carbohydrates.
The present paper deals with attempted identification of the chemical structures responsible for serological specificity of the group A and variant (V) carbohydrates. Most of the information has been obtained by the use of enzymes capable of hydrolyzing the carbohydrates with resultant destruction of their capacity to precipitate with homologous antisera. Aerobic bacteria which elaborate induced enzymes specific for each of the two carbohydrates were isolated from soil by the procedure of Dubos and Avery (2) , and soluble enzyme preparations were obtained. Quantitative serological studies on the effects of the two enzymes have been coupled with chemical and immunological analysis of the split products in providing evidence concerning the chemical nature of the specific units. 629 
Materials and Methods
Preparation of Carbohydrales.--The carbohydrates employed in the present study were prepared by a modification of the previously described method (3) . Cell wall suspensions were obtained by disruption of cells in the Mickle disintegrator rather than by grinding in a ball mill.
Streptococci were grown in Todd-Hewitt broth, recovered by centrifugation and washed three times with distilled water. The washed cells were resuspended in water at a concentration 50 to 100 times that of the original culture. The suspension was placed in Mickle containers in 5 to 6 ml. amounts together with an approximately equal volume of glass beads 1 and shaken for 15 minutes which was adequate to bring about almost complete disruption of the cells. One drop of tributyl phosphate was added before shaking in order to minimize foaming. Gramstained smears were used to determine the effectiveness of disintegration, and later steps in purification were controlled by phase microscopy. Centrifugal separation of the cell wails in heavy suspensions was facilitated by acidification with COs so that sedimentation could be accomplished in 125 ml. lusteroid centrifuge tubes at 3500 R.P.**. in a SB 2 International centrifuge equipped with a large angle head. The cell walls were washed with water, suspended in **/30 phosphate buffer pH 8 and treated with crystalline trypsin at a final concentration of 0.1 mg. per ml.
After 2 to 4 hours at 37 ° the trypsinized cell walls were washed and resuspended in **/30 phosphate buffer pH 8 (2 to 5 ml. per liter of original culture). A crude concentrate of enzymes derived from Streptomyces alb~ (4) was added at a final concentration about 10 times that of the untreated Streptomyces filtrate, and the mixture incubated at 45°C. overnight. The lysate was treated with chloroform by the Sevag method, and the phosphate was then precipitated by the addition of CaC12 solution with resultant removal of much of the pigment of the Streptomyces preparation on centrifugation of the calcium phosphate precipitate. The clear superuatant fluid was mixed with 2 volumes of ethanol and the precipitate removed by centrifugation and discarded. The carbohydrate was recovered from the supernatant fluid by the addition of 3 volumes of acetone. With some lots further purification, accomplished by reprecipitation of the carbohydrate from more concentrated solutions, was required. The final preparations were dialyzed against distilled water and dried from the frozen state.
Isolation of Soil Organisms.--The procedure of Dubos and Avery (2) was employed. One half gin. samples of soil from different sources were suspended in 25 ml. of 0.2 per cent ammonium phosphate containing 0.002 per cent streptococcal carbohydrate in 50 ml. Erlenmeyer flasks. Duplicate flasks with media adjusted to different pH values from 5 to 8 were incubated at 37°C. and at room temperature, and samples of the culture fluid were tested serologically at intervals for disappearance of the carbohydrate. The loss of serological activity proved to be most rapid in the pH range of 6 to 7, and subsequent cultures were carried out at pH 7. When loss of serological activity occurred, 0.05 ml. of culture was transferred to another flask of the same medium. After 2 to 5 such transfers with loss of serological activity of the carbohydrate, samples of the cultures were plated on 1 per cent tryptone agar plates and after 2 to 3 days at room temperature representative colonies were transferred to single plates of the same medium. The capacity of the isolated organisms to attack the carbohydrates was determined by suspending the growth from the plate in 0.2 per cent ammonium phosphate containing 0.01 per cent carbohydrate. Samples of the fluid were centrifuged and the supemates tested serologically after intervals of incubation at room temperature. Two organisms were isolated by this technique, one capable of destroying the capacity of group A carbohydrate to precipitate with specific antisera and the other having a similar effect on the carbohydrate of variant strains. Neither of the soil organisms has been conclusively identified bacteriologically. Properties of the Soil Organisms Which Attacks the V Carbokydrate.--Tlfis organism (designated strain 3Vf) is an aerobic bacillus which grows rather slowly even on the most favorable media tried. The growth on agar is translucent in the early stages but develops a distinct salmon pink color on continued incubation. The organisms are motile and are Gram-negative even in young cultures. They form sporangia which are markedly swollen by central oval spores which are thick walled and readily stainable.
Satisfactory yields of cells have not been obtained in fluid media despite the use of continuous aeration or shaking. The growth on solid media is sometimes difficult to wash off because of adherence of colonies to the agar, but fair yields of cells are obtainable.
Properties of the Soil Organism Which Attacks Group A Carbohydrate.--This organism
(designated strain 2aSm) is also an aerobic bacillus, but in this case no evidence of sporulation has been detected on any of the media employed. Young cultures show only slender, motile Gram-positive rods, but with continued growth the organisms stain irregularly and take on a coccobacillary appearance. Growth is most satisfactory on solid media. Young colonies are somewhat mucoid and yellowish, and the mucoid character and yellow pigment become more distinct with continued growth. Growth is more rapid and luxurious than that of strain 3Vf. In each case the streptococcal carbohydrate appears to act as a specific inducing agent for formation of the enzyme which attacks it. Neither organism forms more than traces of enzyme when the carbohydrate is absent or when it is replaced by an unrelated carbon source such as glucose.
Production of Soluble Enzyme
Properties of the Enzyme Preparation.--The enzymes are assayed by mixing with an appropriate concentration of the homologous streptococcal carbohydrate and testing at intervals for serological activity by the qualitative precipitin reaction. When more precise information is desired, the quantitative precipitin test is employed to measure the progressive loss of serological activity. In general, preparations of the enzyme attacking the variant carbohydrate (V enzyme) have been more active than those attacking the group A carbohydrate (A enzyme), possibly because of more complete release of enzyme into solution during sporulation. The best preparations of V enzyme will bring about total loss of serological activity of variant carbohydrate in less than 5 minutes.
Lyophilization of both enzymes has resulted in large losses in activity, and consequently solutions have been dialyzed against physiological saline and stored in the frozen state in the CO2 box. Both enzymes have greater activity in 0.14 ,x NaC1 than at lower salt concentrations, but the optimum salt concentration has not been determined. The pH for optimum activity of the A enzyme is approximately 6. The V enzyme has a somewhat broader pH optimum, but for convenience has generally been employed at the same pH as the A enzyme. In practise, many of the tests are carried out in the 0.14 g NaC1 used in serological tests without added buffer.
Analytic Methods.--Rhamnose, glucosamine, and reducing sugar were determined as in previous studies (1, 3) . ~r-acetyl-glucosamine was measured by the method of Amlnoff, Morgan, and Watkins (5).
Paper chromatography was carried out with various solvents, and the most satisfactory system for routine analysis was found to be butanol-pyridine-water (3:2:1.5) by the ascending technique. Spraying reagents were aniline-phosphoric acid and the hexosamine reagents.
Precipitin Analysi~.--Rabbit antisem reactive with the carbohydrates were prepared as previously described (1) . The antibody content of the sera selected was sufficiently high so that reproducible results could be obtained in quantitative tests with amounts of serum as low as 0.1 to 0.2 ml. in a final volume of 1.0 ml. This made possible a large series of analyses with each of several single samples of serum. The antibody content of the washed precipitates was determined by resolution in 0.1 N NaOH and measurement of optical density at 287 m~ in the Beckman quartz spectrophotometer.
EXPERIMENTAL

Precipitin Inhibition by Products of Partial Acid ttydrolysis.--Samples of the
A and V carbohydrates were hydrolyzed in 1 N H~SO, for the minimal time required to eliminate precipitin reactivity with specific antisera. Mter neutralization with Ba(OH)2, the hydrolysates were tested for their capacity to inhibit the reaction between the intact carbohydrates and the corresponding antisera. It was found that the hydrolysates of A carbohydrate consistently inhibited with approximately equal effectiveness both the precipitation of V carbohydrate with its antiserum and A carbohydrate with its antiserum. On the other hand, the hydrolysates of V carbohydrate were entirely specific, inhibiting the V-anti V reaction but having no effect whatever on the A-anti A reaction. The finding of fragments with V specificity in hydrolyzed A carbohydrate confirms the impression obtained previously, on the basis of the pattern of cross-reactivity between the carbohydrates, that one of the carbohydrates contains both chemical groupings responsible for the dominant immunological specificity of the two carbohydrates. It is necessary to assume that under ordinary conditions the groupings responsible for V specificity in the A carbohydrate are so masked that they play only a minor role in its anfigenicity. The findings further indicate that the primary change in the cell wall carbohydrate in the course of A --+ V variation is the loss of the dominant immunological groupings of A carbohydrate.
Further analysis of the products of partial hydrolysis was attempted in an effort to identify the chemical groupings involved in specific inhibition, but the material proved too heterogeneous for successful fractionation with the amounts available. Enzymatic analysis was therefore undertaken as an alternative approach to the problem.
Effect of Induced Enzymes on Serological Activity of the Carbohydrates.-
The action of the induced enzymes isolated from soil organisms on the sero-logical activity of A and V carbohydrates can be easily demonstrated by simple qualitative precipitin tests. However, the details of the enzymatic effects are In these experiments, the carbohydrates at a final concentration of 2 mg. per ml. in saline were treated with each enzyme separately and the two enzymes in combination. After incuba-tion at 25°C. for 16 hours to allow completion of enzyme action, the reaction mixtures were diluted appropriately to serve as antigen in quantitative precipitin tests. For these tests, 0.I ml. of antiserum was placed in each of a series of 12 ml. conical centrifuge tubes. The antigens were then added in the amounts indicated on the figures and the volume of each tube brought to 1 ml. with saline. After incubation for 2 hours and refrigeration overnight, the precipitates were centrifuged in the cold, washed 3 times with 3 ml. amounts of cold saline, and finally redissolved in 2.0 ml. 0.1 N NaOH. The solutions were centrifuged briefly and the optical density determined at 287 m#.
The behavior of the enzyme-treated carbohydrates in V antiserum is illustrated in Fig. 1 . The left-hand portion of this figure is concerned with the homologous V carbohydrate. It will be noted that treatment of V carbohydrate with V enzyme completely eliminates all serological reactivity as measured by precipitation. In contrast, the precipitin curve of V carbohydrate treated with A enzyme is identical with that obtained with untreated carbohydrate, demonstrating that the heterologous enzyme has no detectable effect on its serological activity.
The right-hand portion of Fig. 1 gives an example of the findings with the cross-reacting system: A carbohydrate--V antiserum. The amounts of antigen used were increased in order to assure the predpitation of significant amounts of antibody by the heterologous A carbohydrate, and it will be noted that a low, flat curve is obtained with untreated A carbohydrate. When A carbohydrate is treated with A enzyme, however, there is a striking increase in the reactivity with V antiserum. The cross-reactivity of this material, as well as that of the untreated A carbohydrate, is eliminated by the action of the V enzyme. This effect of A enzyme of markedly enhancing the reactivity of A carbohydrate with V antiserum again suggests the unmasking of serologically active groups with V specificity which are poorly accessible to antibody in the intact carbohydrate.
Precipitin curves with A antiserum are 'illustrated in Fig. 2 . The left-hand portion of the figure shows the type of results obtained with group A antisera which show little or no cross-reactivity with V carbohydrate. The same type of curves are obtained with cross-reacting antisera that have been previously absorbed with V carbohydrate. As indicated in the figure, A enzyme completely destroys the reactivity of A carbohydrate with this type of antiserum. V enzyme causes a slight but definite reduction in the reactivity of most lots of A carbohydrate tested.
As demonstrated by the curves in the right-hand portion of Fig. 2 , the results with antisera of high cross-reactivity are less clear cut. Treatment with A enzyme in this case causes only a moderate fall in the amount of antibody precipitated by A carbohydrate. This is explained by the fact that as the enzyme destroys A specificity it simultaneously enhances cross-reactivity (Fig.  1) , and the antibody then precipitated has V specificity. In accordance with this explanation, if the V enzyme is used in addition to A enzyme, all serological activity is lost.
In the preceding paper of the series (1), one strain of streptococcus was described which elaborated a cell wall carbohydrate intermediate between the A and V carbohydrates in its chemical constitution and serological behavior. The intermediate carbohydrate (I) reacted about equally with A and V antisera. When treated with A and V enzyme, the serological reactivity of the I carbohydrate is affected in a manner comparable to that of A carbohydrate. Thus, the A enzyme destroys its reactivity with specific group A antiserum and enhances its reactivity with V antiserum; and the V enzyme destroys its ability to precipitate with V antiserum. The results suggest that I carbohydrate differs from A carbohydrate chiefly by the fact that the underlying V specificity is less completely masked. The effect of the enzymes on the serological activity of the carbohydrates was sufficiently well defined to encourage investigation of the chemical nature of the enzymatic split products.
Split Products of V Carbokydrate.--An indication of the extent of enzymatic
splitting of V carbohydrate was obtained by the following experiment. ~--Ten nag. samples of V carbohydrate in 1 ml. saline were placed in each of 4 celloplmne dialysis sacs. V enzyme was added to one sac, A enzyme to the second, both enzymes to the third, and the fourth served as control. The volume was brought up to 2 ml. with saline, the sacs were tied and dialyzed at room temperature against four changes of 5 ml. saline over a 2 day period. The combined dialysates were brought to 25 ml. in volumetric flasks, and the contents of the sacs were washed over to 10 ml. volumetric flasks. The dialyzable and nondialyzable fractions were analyzed for total rhamnose and total glucosamine after hydrolysis.
The results of this type of experiment are illustrated by the data in Table I . A small portion of the carbohydrate tends to pass through the cellophane membrane even in the absence of enzyme under the conditions of this experiment. With the heterologous A enzyme, there is possibly a slight increase in the fraction of dialyzable material, but more than 90 per cent of the total rhamnose remains within the sac. On the other hand, exposure to the V enzyme releases approximately 95 per cent of the total rhamnose in a dialyzable form. It is thus apparent that in this case the enzyme causes extensive breakdown of the carbohydrate. Glucosamine is not affected to quite the same degree as rhamnose, and in the experiment summarized in Table I about one-third of the total remains undialyzed after treatment with V enzyme.
The enzymatic split products proved to be highly potent in inhibiting the reaction between V carbohydrate and its antiserum, and an attempt was therefore made to isolate a single component with inhibitory properties. The pattern obtained on paper chromatography of the split products is illustrated in Fig. 3 . Three major components are evident, with small amounts of slower moving and immobile material. The most rapidly moving component consistently migrates at a slightly slower rate than authentic rhamnose, and it seems to differ from the product obtained by acid hydrolysis of the carbohydrate which is identical with rhamnose. The rapidly moving component also differs from rhamnose in having a lower reducing value. Since this component has no inhibitory effect on the V-anti V reaction, its identification has not been pursued further.
Larger amounts of the various fractions were obtained by enzymatic hydrolysis of 200 rag. of V carbohydrate followed by fractionafion of the dialyz-able products on a 2 X 40 cm. column of powdered cellulose 3 using the same solvent system as in the paper chromatogram. Serial 1 ml. fractions were collected, the solvent removed by evaporation and each fraction then redissolved in 1 ml. distilled water. Rhamnose determinations were carried out to identify the effluent peaks. The first two components were effectively separated by this technique as indicated by the pattern on paper chromatography (Fig. 3) . Column fraction II has been tentatively identified as a rhamnose disaccharide on the basis of the following type of evidence:--1. Glucosamine is completely absent and rhamnose is the only detectable 2. On charcoal column chromatography by the method of Whistler and Durso (6), the fraction is eluted with $ per cent alcohol but not with water.
This behavior would be expected of a disaccharide.
3. The reducing value is 55 per cent that of standard rhamnose. This value was almost doubled to about the theoretical value after acid hydrolysis.
The inhibitory activity of this fraction is illustrated in Fig. 4 . At a concentration of 1 rag. per ml. the presumptive "disaccharide" caused marked inhibition of the precipitation of V antibody by V carbohydrate but had no effect whatever on the A-anti A system. The findings indicate that V specificity is probably dependent on a rhamnose-rhamnose linkage.
Larger oligosaccharides, such as the third component evident in the paper chromatogram of the split products illustrated in Fig. 3 , were not isolated as single components by column chromatography either on cellulose or on charcoal. For example, a fraction obtained upon elution from a charcoal column s Whatman cellulose powder for chromatography, standard grade.
component.
with 15 per cent ethanol contained primarily rhamnose with only small amounts of glucosamine (2 per cent). This fraction did not give a single, well defined spot on paper chromatography and had a reducing value 28 per cent that of rhamnose, suggesting that it was composed for the most part of a mixture of triand tetrasaccharides of rhamnose. This material was a more potent inhibitor of the V-anti V precipitin reaction than the "disaccharide," and effected complete inhibition at a concentration of 0.5 rag. per ml. The finding of more effective inhibition with the larger oligosaccharides is to be expected, and the results in general support the view that V specificity is concerned with a rhamnose-rhamnose linkage.
Enzymatic Split Products of Group A Carbohydrate.--Dialysis experiments designed to determine the degree of splitting and nature of the split products of group A carbohydrate were carried out according to the plan described above for V carbohydrate (Table I) . The results of a typical experiment with Table II . It will be noted that in the presence of the heterologous V enzyme, about 20 per cent of the rhamnose and a similar proportion of glucosamine are released in dialyzable form. This is consistent with the observation that a small loss in serological activity of A carbohydrate, variable from lot to lot, results from treatment with V enzyme (Fig. 2) . When both enzymes are used, 70 per cent of the total rhamnose and glucosamine become dialyzable concurrently with complete loss of serological activity. Thus, the action of A enzyme appears to prepare the carbohydrate for more extensive degradation by the V enzyme. The results obtained with A enzyme alone are of particular interest, since about one-half of the total glucosamine becomes dialyzable without any comparable release of rhamnose. This experiment has been repeated with various lots of carbohydrate with similar results, and it is found consistently that onehalf to two-thirds of the glucosamine is released in dialyzable form without further degradation of the polysaccharide. Paper chromatography of the dialyzable fraction revealed N-acetyl-glucosamine to be the only detectable corn-ponent, and direct analysis for N-acetyl-glucosamine indicated that all of the glucosamine released enzymatieally could be accounted for as the N-acetyl derivative. The relationship between the enzymatic release of N-acetylglucosamine and the destruction of serological activity is illustrated in the following experiment.----Five rag. of group A carbohydrate were dissolved in 8 ml. physiological saline, mixed with 2 ml. of a solution of A enzyme and incubated at 37°C. At intervals I ml. aliquots were removed and placed in a boiling water bath for 5 minutes to stop enzyme action. The aliquots were analyzed directly for N-acetyl-giucosamine. It is apparent in Fig. 5 that there is no detectable free N-acetyl-glucosamine at the onset of the experiment, but it is released progressively during incubation until about 60 per cent of the total glucosamine can be accounted for as the free N-acetyl-derivative. Concurrently, there is a progressive fall in serological activity so that the curve of antibody precipitated is reciprocal to that of the glucosamine released. It would thus appear that the release of the single dialyzable constituent during enzymatic hydrolysis parallels the fall in serological activity.
These experiments suggest that the dominant serologically specific unit of group A carbohydrate depends on the presence of N-acetyl-glucosamine residues so distributed in the molecule as to be accessible to enzymatic hydrolysis without major disruption of the basic polysaccharide chain. One type of configuration which would explain the findings is the occurrence of repeated side-chains of N-acetyl-glucosamine. It is of interest that the non-dialyzable material remaining after action of A enzyme on A carbohydrate not only has serological activity simulating that of V carbohydrate (as shown in Fig. 1 ) but also has a rhamnose: glucosamine ratio comparable to the variant (Table II) .
Although little is known at present concerning the nature of the linkage of the hydrolyzable N-acetyl-glucosamine to the carbohydrate chain (except that it must be joined through the reducing carbon atom), the profound effect of removal of this component on serological activity leads to the view that this monosaccharide may be of primary importance in determining specificity. This view is supported to some extent by the demonstration that free N-acetylglucosamine exerts a definite inhibitory effect on the reaction between A carbohydrate and its antibody. As shown in 
Induction of Enzyme Formation with Substances Other Than Streptococcal
Carbohydrate.--The results obtained by enzymatic analysis of the carbohydrates suggested that substances other than the serologically specific carbohydrates might serve as inducers for formation of the bacterial enzyme. It was found that free N-acetyl-glucosamine added to suspensions of organism 2aSm consistently stimulated the formation of enzyme capable of attacking A carbohydrate. The potency of enzyme preparations obtained was not as great as that of parallel preparations using A carbohydrate for induction, but there was definite indication that production of enzyme was considerably more rapid in the case of the freely diffusible small molecule. The specificity of induction is now being studied further with synthetic ~-and/~-N-acetyl-glucosaminides. Enhanced enzyme production was not observed in the presence of chitin or products of the partial hydrolysis of chitin.
In the case of V enzyme, induction of enzyme was not accomplished with free rhamnose or with other monosaccharides. It is of interest, also, that type II pneumococcal polysaccharide, which contains 50 per cent rhamnose, did not induce enzyme formation. Furthermore, the serological activity of type II polysaccharide was not affected by fully active V enzyme, nor is there any detectable cross-reactivity between this antigen and V carbohydrate. This suggests either that the rhamnose linkages are different in the two carbohydrates or that they are so situated in the type II polysaccharide as to not be accessible to the hydrolytic enzyme.
DISCUSSION
The studies described in the present paper throw some light on the chemical basis for serological specificity of group A streptococcal carbohydrate and the carbohydrate of certain variant strains. The structure responsible for the dominant specificity of V carbohydrate appears to be a rhamnose-rhamnose linkage, since rhamnose oligosaccharides isolated from the products of enzymatic hydrolysis of the carbohydrate exert a specific inhibitory effect on the reaction of the carbohydrate with its antiserum. The group A carbohydrate contains the same rhamnose-rhamnose linkage, but under ordinary conditions its effect is largely masked so that it is not an important factor in the immunological specificity of A carbohydrate. It should be pointed out that if this were not the case, the variant strains would not have been discovered, since their occurrence was recognized by the failure of extracts to react with group A antisera. Thus, antisera employed for identification of group A streptococci do not ordinarily contain significant amounts of anti-V antibody.
The evidence suggests that the structure responsible both for the masking of variant specificity and for the dominant immunological specificity of group A carbohydrate is N-acetyl-glucosamine occurring as repeating side-chains along the polysaccharide molecule. Thus, enzymatic removal of these sidechains effects both an unmasking of variant specificity and complete elimination of the characteristic specificity of the carbohydrate. To what extent the nature of the linkage of the N-acetyl-glucosamine to the rest of the molecule controls specificity remains to be determined.
It is of considerable interest that the specificity of group A streptococcal carbohydrate depends to a large extent on a monosaccharide component that is so common a constituent of mammalian tissues. This fact makes it important to obtain further information concerning the manner in which the enzy-matically hydrolyzable N-acetyl-glucosamine is united to the remainder of the carbohydrate molecule. Work currently in progress indicates that it is joined through a ~-glucosaminidic linkage and that the induced bacterial enzyme is a fl-glucosaminidase. There is something unique in the specificity of the enzyme, however, since other fl-glucosaminidases such as those in emulsin and mammalian tissues neither release N-acetyl-glucosamine from group A carbohydrate nor affect its serological specificity.
The carbohydrate from the intermediate strain, which reacts about equally with A and V antisera, contains less total glucosamine than the A carbohydrate. It would appear that only a portion of the potentially available sites have N-acetyl-glucosamido side-chains, and as a result more of the rhamnose linkages conferring V specificity are available for reaction with V antisera. There is some indication that different lots of group A carbohydrate vary with respect to the number of side-chains, since the amount of N-acetyl-glucosamine removed enzymatically can range from 50 to 70 per cent of the total glucosamine. In addition, the degree of cross-reactivity with V antiserum is not identical for all preparations of group A carbohydrate.
The results reported in this paper on the structures responsible for A and V specificities are in accord with the thesis advanced by Kabat (summarized in reference 7) that carbohydrate specificity, as exemplified by the blood group substances, is dependent on oligosaccharide side-chains. The nature of the evidence presented concerning the streptococcal carbohydrates is similar in many respects to that obtained by Kabat with blood group substances. SUMMARY Soil organisms have been isolated which elaborate induced enzymes capable of attacking group A and variant (V) streptococcal carbohydrates. The V enzyme hydrolyzes V carbohydrate extensively to dialyzable split products with resultant total loss of precipitating activity with homologous antisera. The split products inhibit the reaction between intact V carbohydrate and its antiserum: evidence is presented which indicates that rhamnose oligosaccharides are responsible for the inhibitory effect. The serological specificity of the V carbohydrate thus appears to be primarily dependent on a rhamnose-rhamnose linkage.
The effect of the A enzyme on A carbohydrate is characterized by the removal of 50 to 70 per cent of the total glucosamine in the form of free N-acetylglucosamine. As a result of this treatment, the residual carbohydrate loses its reactivity with specific group A antisera and at the same time develops markedly increased cross-reactivity with V antisera. This cross-reactivity is in turn eliminated by treatment with V enzyme. The evidence suggests that the specificity of group A carbohydrate is determined to a large extent by side chains of N-acetyl-glucosamine which also serve to mask underlying rhamnoserhamnose linkages with V specificity.
